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What Makes a Protein Neurotoxic? Deep Learning Suggests 
a Strong Answer in Sequence Alone 

Anas Bedraoui 
Predicting neurotoxicity from protein sequences remains a 
fundamental challenge due to the high structural variability and 
functional complexity of venom peptides across diverse animal 
lineages, including cone snails, scorpions, spiders, and snakes. 
This leads to a central question: can deep learning models 
extract meaningful sequence-level features that define 
neurotoxic activity? We developed a neural network achieving 
96% classification accuracy, with consistently high 
performance across training and test datasets. To evaluate its 
sensitivity, we introduced sequence warping—strategic 
perturbations at conserved residues—to simulate natural 
mutations. Despite minimal changes to global sequence 
identity, predicted neurotoxicity sharply declined, and 

structural modeling revealed disrupted binding-  
site architectures. These results suggest that deep learning can uncover latent, 
functionally critical signatures of neurotoxicity embedded within primary amino 
acid sequences. This approach offers new opportunities for venom-based drug 
discovery, evolutionary studies, and the design of bioactive peptides with tunable 
toxicity. 
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